The purpose of this study was to measure the efficacy of anchorage control between differential moments mechanics and temporary anchorage devices in a clinical trial. Forty-six patients requiring extraction of maxillary first premolars were allocated into 2 treatment groups. The differential moments group (G1) received a nickel titanium (NiTi) intrusion arch and a 150g NiTi closing coil spring for separate canine retraction, followed by a continuous mushroom loop archwire for the retraction of the incisors. The TAD group (G2) received one miniscrew placed between maxillary second premolars and first molars with a 150 g NiTi closing coil spring connecting the miniscrew to a hook placed in the archwire between the lateral incisor and canine. Lateral cephalograms were taken before (T1) and after incisor retraction (T2). The ratio of molar protraction to incisor retraction was calculated and intragroup and intergroup changes in upper lip, maxillary incisor and molar position were analyzed by paired and independent t-tests. Twenty-eight patients were analyzed after 18 patients did not receive the intervention, were lost to followup, or discontinued treatment. The ratio of molar protraction to incisor retraction in G1 was 0.44 and in G2 was -0.11, which was significantly different. There was a statistically significant change in upper lip from T1 to T2 but no difference between the two groups. Moreover, there was a significant distal molar tipping and lingual incisor tipping in G2. There is a significant difference in the amount of anchorage control using differential moments mechanics compared to TADs.
Introduction
Extraction of permanent teeth in order to camouflage a Class II Division 1 malocclusion or provide space to align the crowded dentition is a routine approach in orthodontic treatment (Burstone, 1962; Burstone, 1982; Nanda, 1997; Graber et al., 2005) . Different techniques such as differential moment mechanics have been used to minimize the amount of anchorage loss during space closure (Smith and Burstone, 1984; Roberts et al., 1989) ; nevertheless, obtaining maximum or absolute anchorage has always been elusive. Hart et al. (1992) revealed that a differential moment strategy, using an intrusion arch, was an effective way of controlling intraoral anchorage. Following this study, Rajcich and Sadowsky (1997) conducted a study to test the efficacy of using differential moments for achieving anchorage control. They showed that cephalometrically maxillary molars only moved 0.7 mm mesially, while plaster models showed 0.5 mm of mesial movement.
Different loop mechanics have also been used in order to produce differential moments while retracting teeth into the desired space (Burstone, 1962; Tanne et al., 1988; Nanda, 1997; Proffit et al., 2007) . In an implant study by Martins et al. (2009) , anchorage preservation with T-loop springs was evaluated. The results showed 0.3 mm of molar protraction for every 1.0 mm of canine retraction.
In the past decade, temporary anchorage devices (TADs), such as mini-implants, miniscrews, and miniplates, have been introduced in orthodontics as intraoral sources for absolute anchorage (Keim, 2005; Park et al., 2005; Nanda and Uribe, 2009) . Anchorage control has been one of the main applications for TADs. In a study by Park et al. (2008) , a comparison of anterior teeth retraction using titanium screws with the Tweed-Merrifield technique was analysed. The miniscrew group showed less anchorage loss compared with the Tweed-Merrifield group. Treatment time in the miniscrew group was significantly less than the Tweed-Merrifield group (Park et al., 2008) . Upadhyay et al. (2008) conducted a study to determine the efficiency of mini-implants in en-masse retraction of six anterior teeth compared with conventional methods. However, different methods of anchorage control were performed in the second group, and intermaxillary elastics were also used. The maxillary molars showed 0.55 mm of distal movement in the miniimplant group and 1.95 mm mesial movement in conventional group. These results concurred with a very similar recent study ANCHORAGE CONTROL DURING SPACE CLOSURES 569 where no molar anchorage loss was observed in the miniimplant group compared with 1.73 mm molar mesial movement in the en-masse retraction group (Basha et al., 2010) .
Based on the literature, the differential moment approach has been the only non-compliant method able to minimize molar anchorage loss during space closure and thus approximates the reduced or absent anchorage loss obtained from miniscrew-supported space closure. To the authors' knowledge, no study has prospectively compared the magnitude of anchorage preservation achieved with this method of space closure and that obtained from miniscrews. Furthermore, it is uncertain if any difference in anchorage loss between these two space closure methods would translate to a significant reduction in lip prominence.
The objective of this prospective study was to compare and analyse the amount of anchorage loss during space closure by anterior retraction following first premolar extraction. Additionally, the study was designed to evaluate the type of tooth movement achieved after incisor retraction (i.e. tipping, controlled tipping, or translation) and the changes in lip position between both groups. Superimpositions of the lateral cephalometric radiographs taken before and after space closure were used to quantify the amount of retraction and anchorage loss. The null hypothesis of this study was that there would be no difference in the mean molar anchorage loss during space closure after maxillary first premolar extractions between the differential moment technique and miniscrew-supported space closure.
Materials and methods

Subjects
After obtaining approval from the Human Subject Protection Office (IRB #08-304-1), 90 patients whose treatment plan required extraction of maxillary first premolar and complete retraction of the anterior segment (Group A space closure) were screened from the Orthodontic Clinic at the University of Connecticut. In order to participate in the study, the patients had to fulfil the following inclusion criteria: 1. Angle Class II molar and canine relationship or Angle Class I malocclusion with bialveolar dental protrusion, 2. all permanent teeth erupted (except second and third molars), and 3. good oral hygiene. The exclusion criteria were 1. missing permanent teeth (except third molars) and 2. medical issues that could affect tooth movement.
The sample size was determined by performing a power analysis where the lower limit of the effect size (d = 1.0) produced a sample size estimate of 34 total participants (17 participants per condition) with a conventional alpha level (P = 0.05) and desired power (1 -β) of 0.80. Additional analyses were conducted using larger effect sizes of d = 1.5 and d = 2.0. These analyses resulted in estimated total sample sizes of 18 participants (9 per condition) and 12 participants (6 per condition), respectively. Thus, the sample size that was considered to provide adequate statistical power for this study was between a total of 12 and 34 participants. A sample size of 30 participants was determined. Considering an attrition rate of 30-35 per cent, a final sample size of 43-46 subjects was to be enrolled. Figure number of patients involved in the enrolment, allocation, and analysis of the stages in the trial.
The study was designed as a comparative study comparing two different techniques of space closure. Based on the inclusion and exclusion criteria, the patients were assigned into two groups with a 1:1 allocation ratio. In the first group, extraction spaces were closed using an intrusion arch and mushroom loops (G1, differential moments group). In the other group, TADs were used as anchorage units for anterior teeth retraction (G2, miniscrew group). The allocation process was performed as follows: the first patient was placed into one of the groups by the use of a coin-toss and every following patient that was recruited was placed into every other group accordingly in order to ensure that an equal number of patients were allocated to each group. The allocation process and patient assignment was done by A.R.D.
The study was conducted at the Orthodontic Clinic of the University of Connecticut. Recruitment and follow-up of the subjects went from September 2008 to April 2011.
Space closure guidelines
Every patient was bonded with a Carriere 0.022 pre-adjusted self-ligating appliance (ClassOne Orthodontics Co., Carlsbad, California, USA). Nickel titanium wires were used for the levelling and aligning phase of treatment. Once teeth were extracted and the patient was ready for space closure, a jig was placed on the maxillary molars in order to be able to radiographically differentiate the right side from left side, and a lateral cephalometric radiograph was taken ( Figure 2 ).
The following mechanics were used for space closure in each specific group: G1 had a 0.016 × 0.022 in. stainless steel wire used as a base archwire. A pre-fabricated 0.017 × 0.025 in. nickel titanium (NiTi) intrusion arch was placed in the first molar auxiliary tubes and tied to the lateral incisors over the base archwire, producing an intrusive force on the anterior teeth and a tip back moment at the first molars. Because the intrusion arch was pre-fabricated from nickel titanium, it produced the same force and moments across the samples. Nickel titanium coil springs were placed between the first molar hooks and the canine bracket hooks to separately retract the canines (150 g of force, Figure 3a ). The spring force was checked with a force gauge at the time of insertion. Once the canines were retracted to Class I relationship in patients with maxillary premolar extractions, or when the space was fully closed either in the maxilla or the mandible in patients with bialveolar dental protrusion, both base wire and intrusion arch were removed. Next, a pre-fabricated 0.017 × 0.025 in. CNA™ Mushroom Loop™ Archwire (Ortho Organizers, Carlsbad, California, USA) was placed. The 'Mushroom Loop' Archwire is made from nickel-free beta titanium alloy and allows low activation force as well as gradual force decay over a large activation range. Additionally, the rounded gingival portion of the mushroom loop increases patient comfort during space closure and retraction. The loops were located between the lateral incisors and canines and pre-activated with 45 degrees gable bends. Once it was placed inside the mouth, the archwire was activated by separating the legs 4 mm apart. Reactivation was carried out every 4 weeks until the space was closed.
In G2, a 0.016 × 0.022 in. stainless steel wire was used as the base archwire. A miniscrew with dimensions of 1.8-2 mm in width by 8-9 mm in length was placed in each quadrant between the maxillary second premolars and first (Poggio et al., 2006) . Two hooks (2 mm in length) were spot-welded to the archwire between lateral incisors and canines and NiTi coil springs (150 g of force, Figure 3b ) were placed between the hooks and miniscrews to retract the anterior segment, as described by Park et al. (2005) . The force of the spring was measured at the time of insertion with a force gauge. The anterior segment was retracted until it reached a Class I canine occlusion. Miniscrews that failed were replaced at the next visit. Patients that presented with failed miniscrews twice were excluded from the study.
Lateral cephalogram analysis
A lateral cephalogram with two jigs placed on the maxillary first molars was taken before retraction (T1) and after retraction (T2) in each group. The jigs were made from 0.017 × 0.025 in. stainless steel wires and inserted in the auxiliary tube of the molar bands and bent at a 90 degree angle to the slot. The jig on the left molar was 10 mm in length and bent mesially at the end to distinguish it from the right jig that was 5 mm in length and bent distally. The measurements on the lateral cephalogram were done at the jigs' entrance to the tube (except when measuring degrees of tipping). The lateral cephalograms were traced and superimposed on the cranial base and maxilla.
Superimposition method. The cranial base superimposition was done on the anterior part of the sella turcica, ethmoidal air cells, and greater wing of the sphenoid. X and Y co-ordinate lines were traced on the T1 cephalogram. X co-ordinate line crossed through S point, 7 degrees below the sella-nasion plane, and was called S horizontal line (SH). The Y coordinate line was drawn perpendicular to the X-axis through S defining the S vertical line (SV). As the superimposition was done on the cranial base, the SH and SV lines were trans-ferred from the T1 cephalogram to T2 cephalogram. The distance from labrale superioris (Ls) to SV line was measured on T1 and T2 in each subject of each group.
The maxillary superimposition was performed in order to measure the dental movement without the influence of growth on the measurements. T1 maxillary tracings were done, and an X line connecting anterior nasal spine (ANS) to posterior nasal spine (PNS) was drawn. A perpendicular line crossing the X line was also drawn from PNS (Y axis) creating an X-Y co-ordinates system that was transferred for reference to the T2 tracing. Superimposition of T1 and T2 tracings was done on the incisive canal and posterior palatal plane (Bjork and Skieller, 1977) . Figure 4 summarizes the cephalometric landmarks used and lines and angles measured. Inter-rater reliability was established using the intraclass correlation coefficient (ICC). Two different examiners (A.R.D. and N.J.) retraced all radiographs and obtained double measurements for all patients at two different time points.
Statistical analysis
In order to measure the amount of anchorage loss in each group and to normalize according to the amount of space closed, the ratio of the average change in U6s to Y to change in UI tip-Y was calculated. This calculation reflects the amount of molar protraction as a ratio to the amount of incisor retraction in each group. Additionally, treatment changes for all other variables were assessed within and between groups. The Shapiro-Wilk test showed normality of the data for the majority of the cephalometric variables analysed in the study. A paired t-test was used to evaluate the changes between the time points in each group. An independent ttest was used to evaluate the difference in changes between the groups. The level of significance was set at P < 0.05.
Figure 3
Schematic diagram illustrating the moments generated in the two treatment groups. (a) In the differential moments group (G1), the intrusion arch exerted an extrusive force on the molar and an intrusive force on the anterior segment. It also produced a moment due to a couple (M C ) on the molar. The NiTi coil spring exerted equal and opposite horizontal forces on the molar and anterior segments. Moments due to a force (M F ) were produced on the molar and anterior segments. (b) In the miniscrew group, a moment due to a force (M F ) was produced, and intrusive and horizontal forces were exerted on the anterior segment. 
Results
Success rate of the miniscrews was 84 per cent. Only five miniscrews failed in three different patients. Two of these patients requested to be removed from the research trial after the miniscrews failed on both sides. The other patient had the failed miniscrew replaced, completed the retraction and was analysed in the final sample. Moreover, seven patients in G1 and eight patients in G2 were excluded from the study after the premolar extractions and initial alignment phase corrected partially or fully the Class II canine relationship on one or both sides. Finally, one patient in G1 was lost to follow up. Table 1 describes the demographics of the analysed patients; ultimately, 15 patients in G1 and 13 patients in G2 were analysed in the trial with a mean age of 17.7 years (SD 8.75; range 12-48 years). There was no statistically significant difference between groups on the outset of the study in terms of gender, mean age, overjet, and malocclusion type. Table 2 shows the results of the reliability analysis. ICCs ranged from 0.76 to 0.99, showing good to excellent overall reliabilities by separate raters. ICCs were assessed statistically and were all found to be highly significant (P < 0.001); thus, the data acquired by the first evaluator A.R.D. and the first set of measurements were used for the analysis. Reference lines: SH, horizontal line through sella, 7° below sella-nasion; SV, vertical line through sella perpendicular to SH; X, horizontal line passing from PNS to ANS: Y, vertical line perpendicular to X crossing PNS. Measurements: 1. Ls-SV, distance of labrale superioris to SV line; 2. U6-Y, averaged distance of UR6 and UL6 to Y; 3. U6-X, averaged distance of UR6 and UL6 to X; 4. Angle U6-X, averaged angle of UR6 and UL6 to X; 5. UI tip-Y, distance of U1 tip to Y; 6. U1 apex-Y, distance of U1 apex to Y; 7. U1 tip-X, distance of U1 Tip to X; 8. UI apex-X, distance of U1 apex to X, 9. Angle U1-X, angle between longitudinal axis of U1 passing through U1 tip and apex to X. (b) 'Grey' depicts pre-treatment and 'black' post-treatment. 
The magnitude of random error was also estimated using following Dahlberg's formula based on replicate analysis of all the measurements performed in 10 cephalograms.
Random method errors averaged 0.74 mm (range 0.14-2.66) for linear measurements and 0.72 degrees (range 0.22-1.15) for angular measurements. Table 3 displays the summary statistics (means, mean differences, and standard deviations) for the 15 patients in the differential moments group. Significant differences are evident in labrale superioris to S vertical measurement, U6 to Y, U1 tip to Y, and U1 angulation to X. On average, patients exhibited significantly smaller labrale superioris to S vertical measurement and U1 angulation measurement at T2 in comparison to T1. No other differences were statistically significant. Table 4 displays the summary statistics (means, mean differences, and standard deviations) for the 13 patients in the miniscrew group at pre-retraction (T1) and again at postretraction (T2). Significant differences are noted in labrale superioris to S vertical, U6 to Y, U1 tip to Y, U6 angulation to X, U1 angulation to X, and U1 apex to X. Table 5 demonstrates the mean difference and standard deviation of the mean difference in change between G1 and G2 for the ratio of molar protraction per incisor retraction (anchorage control), ratio of lip retraction to incisor retraction, change in labrale superioris to SV, molar angulations, incisor tip vertical movement, and incisor apex horizontal and vertical movement. Additionally, confidence intervals (95 per cent) of mean differences are reported. Change was calculated by subtracting T2 (post-retraction) measures from T1 (pre-retraction) measures on each variable.
Significant differences are noted between treatment groups in the ratio of protraction/incisor retraction. On average, the miniscrew treatment group exhibited a smaller change (in the opposite direction) than did the differential moments treatment group. Moreover, U6 to Y, U6 angulation to X, U1 angulation to X, and U1 apex to X showed significant differences.
Discussion
The main objective of the study was to evaluate the difference in molar anchorage preservation between two different methods that have been shown to be effective in anchorage control. G1 anchorage reinforcement method showed 0.44 ± 0.3 mm of anchorage loss for every millimetre of incisor retraction (Table 5 ). In comparison, Rajcich et al. (1997) showed significantly less anchorage loss. This might be attributed to the protocol used for anchorage control. Rajcich et al. (1997) used an auxiliary archwire which produced 40 g of intrusive force on the anterior teeth in order to produce the tip-back moment on the molars, while in our study only 25 g of intrusive force was used, which in turn translated into a lesser tip-back moment on the first molar. Moreover, in addition to the auxiliary arch, they also used an off centred V-bend mesial to the second premolar to reinforce the anchorage. No V-bend was employed in our study to further reinforce the anchorage. However, the shortcoming in the research done by Rajcich et al. (1997) was the use of absolute measurement of anchorage loss (the amount of molar mesial movement). Anchorage loss is dependent on the amount of original space available which must be closed. Since the amount of space is different in every patient, we used a ratio of incisor retraction to molar protraction in order to define the amount of anchorage loss which normalizes the data. In a study by Martins et al. (2009) , using this measuring technique, a 0.3 mm molar protraction for every millimetre of canine retraction was observed using a T-loop with differential moment mechanics. Their results mirror the findings in this study. Treatment changes (T2-T1) in G1 showed that there was no difference in the vertical position or angulations of the molars. Also, there was no change in the vertical or horizontal position of the incisor apex. However, there was a significant change in the incisor angulation from T1 to T2. This indicates that differential moment strategy and, specifically, the use of mushroom loops produce controlled tipping of the incisors. These results are in agreement with the study done by Hart et al. (1992) .
The miniscrew group (G2) also showed no difference in the vertical position of the molar and incisor apex horizontal position; however, a significant amount of molar tip back or anchorage gain was noted (Table 4) , indicating a distal force on the molar. A similar finding was reported by Upadhyay et al. (2008) in a study evaluating space closure with miniscrews in bimaxillary protrusive patients. This finding can be attributed to the friction of the wire sliding through the tube of the molars. On the other hand, in the study by Basha et al. (2010) , no distalization of molars was shown. Moreover, in G2, a significant vertical change in the position of the incisor apex was noted (Table 4 ). There was a significant intrusion of the incisor apex from T1 to T2 and also a significant difference between G1 and G2. This can be attributed to a multi-factorial phenomenon (Vanden Bulcke et al., 1987; Park et al., 2005; Chung et al., 2008; Tominaga et al., 2009) . Besides the fact that the force exerted on the 0.016 × 0.022 in. stainless steel archwire was in an upward and backward direction (intrusive and retrusive force vectors), there was also a tendency of the wire to twist within the 0.022 bracket slot producing facial root torque on the anterior teeth. Due to the wire size (0.016 × 0.022 in. in a 0.022 slot system), uncontrolled tipping was produced when the force was placed on the wire initially for retraction of the anterior teeth. This bracket slot-archwire size discrepancy at the incisor level results in play between the wire and the bracket preventing adequate root control as the moment-to-force ratio is low ( Figure 5 ). With this type of tooth movement, the centre of rotation is at the level of centre of resistance; thus, the incisors' apices would rotate clockwise and move superiorly and anteriorly (Vanden Bulcke et al., 1987; Park et al., 2005; Chung et al., 2008; Tominaga et al., 2009 ). However, when teeth have tipped enough so that the wire engages the bracket slot, translation of the anterior teeth ensues. Therefore, the results reflect an initial uncontrolled tipping of the incisors followed by translation with no net change in the horizontal position of the apices. However, the vertical position that is produced by uncontrolled tipping is maintained. Additionally, comparing G1 with G2 also indicates a larger change in angulation of upper incisor in G2 as opposed to G1 due to miniscrews producing uncontrolled tipping in G2 and while the differential moments produced controlled tipping in G1 (Table 5 ). The ratio of incisor retraction to molar protraction is a way to normalize our data as the amount of space closure differed in each individual. By doing so, variables such as initial magnitude of overjet and residual extraction space had no influence in the quantification of anchorage loss. The amount of molar protraction was larger in G1 (Table 5) compared with G2. For every millimetre of incisor retraction, there was a 0.44 mm molar protraction. However, in the miniscrew group, this ratio was -0.11:1, which refers to 0.11 mm of molar distalization for every 1 mm of incisor retraction. This distalization in G2 can be attributed to the friction generated by the wire as it passes through the molar tube. Previously, Upadhyay et al. (2008) have demonstrated 0.55 mm of average distalization of molars when mini-implants were used for en-masse retraction using 'crimpable' hooks on the archwire.
The amount of lip retraction in both groups was significant (G1: 1.80 ± 1.50 mm; G2: 1.58 ± 1.29 mm); therefore, extraction of maxillary premolars followed by retraction of the anterior teeth definitely affects the position of maxillary upper lip. Leonardi et al. (2010) , in a systematic review of the amount of lip movement in bimaxillary protraction patients, showed that the upper lip retracted by 2-3.2 mm following extraction and retraction. However, the range of lip movement and individual variation is large and our results agree with this systematic review. In another study by Kachiwala et al. (2009) , it was shown that there is a positive correlation between the amount of upper incisor retraction and the change in the most anterior part of the upper lip (labrale superioris). Nevertheless, the point of contention here was whether retraction of maxillary anterior teeth using miniscrews results in more lip retraction than the differential moments method. Our results indicated that the amount of lip retraction between the two groups was not significant. Furthermore, when the ratio of incisor movement to lip retraction was analysed, the results showed no significant difference between groups (Table 5) .
One major shortcoming of the study was the high attrition rate (15 patients). However, the attrition rate needs to be evaluated within the context of the study. These 15 patients (7 in G1 and 8 in G2) did not receive the intervention since the same initial alignment and levelling procedures that were applied to all the patients in the study displaced one or both canines to a less than a full cusp Class II relationship in these patients. This high attrition rate could have been avoided by enrolling only those subjects that met the inclusion criteria at the time of space closure. However, the patients had to be enrolled at the beginning of orthodontic treatment since specific brackets and wire sequences were to be implemented from the start. Moreover, the high attrition rate also resulted in a reduced sample size per group. However, based on our power analysis and the results presented, the statistical power was sufficient to detect the statistical and clinical significant differences observed. Another shortcoming of this study was that it did not lend itself to be blinded. Considering that miniscrews were placed between the roots of maxillary second premolars and first molars, it was not possible to block that specific area in order to blind the examiners to the interventions when evaluating the lateral cephalograms. Moreover, patients also could not be blinded to either treatment they were receiving. Despite these shortcomings, the study provided evidence collected prospectively regarding the difference in anchorage control and its effects on the soft tissues between two intraoral non-compliant techniques used during space closure.
Conclusion
According to the results of our study, both treatment methods, differential moments and miniscrews, are effective ways of controlling anchorage in cases requiring premolar extraction with anterior teeth retraction. However, there is statistically and clinically significant anchorage loss when differential moments are used compared with TADs. Also, the type of treatment is dependent on the requirement of each individual case based on its diagnosis and treatment plan. Moreover, there is greater anterior torque control when differential moments are used compared with TADs. Additionally, there is no difference in the amount of lip retraction when TADs are used compared with differential moments. Both anchorage modalities show statistically significant retraction of the lips during treatment.
